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Abstract 

Objectives: The purpose of the present study was to examine the potential benefits of additional training in patients 
admitted to recovery phase rehabilitation ward using the data bank of post-stroke patient registry. 

Subjects and Methods: Subjects were 2507 inpatients admitted to recovery phase rehabilitation wards between November 
2004 and November 2010. Participants were retrospectively divided into four groups based upon chart review; patients who 
received no additional rehabilitation, patients who were added with self-initiated off hours training, patients who were 
added with off hours training by ward staff, patients who received both self-initiated training and training by ward staff. 
Parameters for assessing outcomes included length of stay, motor/cognitive subscales of functional independent measures 
(FIIVl) and motor benefit of FIIVl calculated by subtracting the score at admission from that at discharge. 

Results: Participants were stratified into three groups depending on the motor FIM at admission (^28, 29—56, 57^) for 
comparison. Regarding outcome variables, significant inter-group differences were observed in all items examined within 
the subgroup who scored 28 or less and between 29 and 56. IVleanwhile no such trends were observed in the group who 
scored 57 or more compared with those who scored less. In a decision tree created based upon Exhaustive Chi-squared 
Automatic Interaction Detection method, variables chosen were the motor FIM at admission (the first node) additional 
training (the second node), the cognitive FIM at admission(the third node). 

Conclusions: OyeraW the results suggest that additional training can compensate for the shortage of regular rehabilitation 
implemented in recovery phase rehabilitation ward, thus may contribute to improved outcomes assessed by motor FIM at 
discharge. 
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Introduction 

Stroke is one of primary debilitating events that affect health 
status and functional capacity, and is reportedly ranked second or 
third cause of mortality or condition leading to functional 
impairments in most developed countries [1]. Japan is no 
exception that stroke is the first cause of conditions requiring care 
and is ranked the first in medical expenditure nationwide among 
the older population [2]. Recent advancement has made various 
therapeutic options including thrombolytic therapy, intravascular 
therapy or cerebral protective therapy available for stroke patients, 
however that does not undermine the significance of rehabilitation 
for functional recovery. It has been confirmed from previous 



randomized control trials (RCT) or systematic reviews that 
providing care in stroke units by multidisciplinary team comprising 
doctors, nurses, physiotherapist (PT), occupational therapist (OT) 
and speech therapist (ST) leads to improved clinical outcomes, 
such as long-term prognosis, activities of daily living at discharge, 
length of hospital stay [3,4] . To date, there had been a dearth of 
multi-center data base for rehabilitation medicine in Japan, which 
impeded implementation of studies supported by strong evidences. 
In order to establish rigorous evidences for the quality improve- 
ment and to provide rationales for the revision of reimbursement 
system in stroke rehabilitation, we have been establishing a data 
bank (DB) of post-stroke patients receiving rehabilitation since 
2005, which was supported by a Grant-in-Aid issued from the 
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Ministry of Health, Labor and Welfare for the research project 
entitled "The development of data bank for stroke rehabilitation". 
By November 2011, we collected over 9000 cases from 30 
institutions nationwide. In Japan recovery phase rehabilitation 
ward for patients took effect from the year 2000 and the 2006 
revision for reimbursement enabled post stroke patients to receive 
a maximum of three hours rehabilitation per day by PT, OT and 
ST. This unique type of ward restricts intake of patient only to 
medical conditions such as stroke, spinal injuries, head trauma, hip 
fractures or disuse syndrome. In addition, there are specific 
regulations regarding the admission criteria, including term of 
admission. For example, stroke patients have to be admitted within 
two months after the onset of stroke with maximum length of stay 
limited until 150 days after the onset. Regarding the time of 
rehabilitation per day, only those who can tolerate three hours 
rehabilitation per day are eligible for the entry to rehabilitation 
programs according to the US Agency for Health Care Policy and 
Research [5] , \vlii( h is in contrast with the policy applied in Japan. 
On the other hand, there is a study implemented in a stroke unit 
that indicated the significance of "off hours" training enhanced by 
multidisciplinary team for improved activities of daily living (ADL) 
[1], which suggests a potential benefit of such off hours 
intervention particularly under the situation where there is a 



limitation in authorized volume of training. The "OFF hours" 
training comprises self-initiated training and training by ward staff. 
However, littie attention to date has been paid to off hours 
intervention and its effect on functional prognosis [6,7]. As 
suggested in a recent meta-analysis, the importance of off hours 
training is a subject to be investigated through further research [8]. 
Although previous studies regarding off hours training focused on 
self-initiated training mainly led by patients themselves, there is 
also a necessity to evaluate additional training provided by ward 
staff. No studies so far had examined the effect of off hours training 
(self-initiated training, training by ward staff or both) in recovery 
phase rehabilitation wards uniquely introduced in Japan. 

There is a difficulty in carrying out RCT in rehabilitation 
medicine. Therefore as an alternative method of investigation, 
well-designed comparative research with larger samples is 
considered significant [9]. However, there has been a concern 
about external vahdity in previous reports with such method since 
many of them either came from single institution or had not 
examined reproducibility in other samples of patients [9,10]. Thus 
in the present study, in order to endorse external validity, we 
obtained observational data from multiple sources and randomly 
assigned the individual data into two groups and examined 
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whether the equation model formulated in one group can also 
predict the outcomes in the other with statistical significance. 

The purpose of the present study was to examine potential 
benefit of off-hours rehabilitation involving self-initiated training 
by patients themselves, and training by ward staff in patients 
admitted to recovery phase rehabilitation wards using the DB of 
post-stroke patients registered during the term of observation. 

Subjects and Methods 

The present study was a secondary analysis of the DB of post- 
stroke patients registered between November 2004 and November 
2010. Subjects were 2507 inpatients admitted to recovery phase 
rehabilitation wards out of 9095 patients registered in post-stroke 
DB. The DB was managed by the Japan Association of 
Rehabilitation Database (JARD) and the data was provided after 
the research protocol was approved by the institutional review 
board. Thus the data is not publicly available but only those who 
obtained the approval were authorized access to the DB. Of the 
subjects, those whose essential data (age, sex, FIM, record of self- 
initiated off hours training) were either absent or missing in more 
than 40% of inpatients, length of stay being either less than 7 days 
or more than 180 days, venue of rehabilitation changed due to 
acute medical conditions, FIM scores at discharge deteriorated 
were excluded, eventually 1233 inpatients were subjected to 
analyses (Fig. 1). Variables included age, sex and type of stroke as 
basic information. The foUowings were also included; number of 
days after admission, number of informal caregivers (none, single 
person, more than 2 people), total volume of PT and OT counted 
by Formal Therapy Unit (FTU) and FTU per day were also 
calculated (IFTU is equivalent to 20 minute Formal Therapy). 
Parameters for assessing outcomes included length of stay, motor 
FIM/cognitive FIM and motor benefit of FIM calculated by 
subtracting the score at admission from that at discharge. 
Participants were retrospectively divided into four groups based 
upon chart records; patients who received no additional rehabil- 
itation (no additional training), patients who were added with self- 
initiated off hours training (self-initiated training), patients who 
were added with off hours training by ward staff (training by ward 
staff), patients who received both self-initiated off hours training 
and training by ward staff (dual additional training) and their 
outcomes assessed by parameters aforementioned were compared. 

Statistical Analysis 

Age, length of stay, number of days after the onset of stroke until 
discharge, FTU, FTU/ day, motor FIM, cognitive FIM and motor 
benefit of FIM of the four intervention groups were compared 
using analysis of variance followed by Tukey's post-hoc test.It is 
known that improvement of ADLs during admission can be higher 
in patients whose physical independence at admission is interme- 
diate compared with patients who have either low or high physical 
independence, thus exhibits reverse U-shaped trend [11]. There- 
fore, subjects were divided equally into three subgroups based on 
_ , ^ ^ the motor FIM at admission for group comparison. Categorical 

E o R data (sex, types of stroke and presence of informal caregivers) of 

the four groups were compared using chi-square test. In order to 
clarify contributing factors to motor FIM at discharge after 
possible confounding factors (presence of informal caregivers, 
motor FIM at admission and cognitive FIM at admission) having 
E ^ been adjusted, a decision tree analysis was carried out, making 

-|i '2 JiJ ^ measured variables at admission that indicated significant inter- 

^ -| ^ 5 group differences by univariate analysis explanatory variables. In 

o Q. I ;5 the present study Exhaustive Chi-Squared Automatic Interaction 

Detection (ECHAID) was adopted for the analysis. ECHAID is a 
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commonly used algorithm of classification tree analysis that 
employed multi-contingency tables of Chi-squared significant test 
to identify optimal splits [12]. In order to avoid over fitting, we 
specified the growing depth of 3 with the parent node having at 
least 100 subjects and a child node at least 50 subjects. Gains and 
index charts were constructed to identify the nodes with a 
relatively high probability. The statistics of misclassification risk 
was used to assess the prediction results. Primary outcomes to 
evaluate the effectiveness of additional training was motor FIM at 
discharge. Motor FIM on admission, the motor FIM at discharge 
were automatically divided into three ordinal scales (lower tertile; 
^55, mid tertile; 56-79, upper tertile; 80^) in order for the 
calculations to fit into the decision tree created. To ensure the 
validity of the analysis, split-sample validation method was 
adopted in the present study. In brief, subjects were randomly 
divided into two groups. Decision trees analysis was carried out in 
one group and whether the equation obtained in the study group 
can be applicable in another group (validation group) was 
examined. AH the analyses were carried out using a statistical 
software package (SPSS version 19.0 for Windows, Chicago IL, 
USA) and a p value of <0.05 was adopted to show statistical 
significances. AU the personal data were coded deleting any 
information related to personal identification in order to secure 
anonymity of the study and the study protocol was approved by 
the ethical committee of the Japan Society for Rehabilitation 
Medicine. 



Results 

1. Group Comparison 

Table 1 compares variables of subjects stratified into three 
groups depending on the motor FIM at admission (^28, 29~56, 
>57). Subjects who scored 28 or less showed significant inter- 
group differences in the type of stroke, age and the interval 
between the onset and admission. A post-hoc analysis indicated 
that dual training group was younger and had shorter interval 
between the onset and admission relative to self-initiated training 
group and training by ward staff group. Subjects who scored 
between 29 and 56 showed similar trend in variables examined 
with those with lower tertile. Meanwhile in subjects who scored 57 
or more on the motor FIM at admission, types of stroke and age 
showed inter-group differences with self-initiated training group 
and dual additional training group being younger relative to no 
additional training group. 

Table 2 shows comparison of variables stratified by the motor 
FIM at admission. Significant inter-group differences were 
observed in all items examined within the subgroup who scored 
28 or less. A post-hoc analysis revealed that dual training group 
showed better outcomes compared with training by ward staff 
group, and dual training group were superior to no additional 
training group in all parameters apart from the length of stay. 
Inter-group differences were also observed in a subgroup whose 
5. rs motor FIM at admission were between 29 and 56, and a post-hoc 

c g ° 2 analysis indicated similar results showing that dual training group 

o 'o "a K had better outcomes than training by ward staff group.MeanwhUe 

0 ^ g no such trends were observed by post-hoc analysis in the group 
-§ c =5 ^ who scored 57 or more (upper tertile) compared with those who 

scored less. 

^ a< ™ E 

Ii o £ 1, 2. Decision Tree Analysis using ECHAID 

1 Jll ^ Figure 2 shows a decision tree created based upon ECHAID 
"r. ^ ■B'5 method. Overall risk estimate for the model in the study group was 
tZ ^ 1 ;5 0.32, while that in the validation group was 0.31, therefore the 

analysis was considered appropriate. The variables chosen in the 
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decision tree were the motor FIM at admission,additional 
trainings,the cognitive FIM at admission. The motor FIM at 
admission were chosen in the first node, therefore considered most 
influential on the motor FIM at discharge. For those who scxired 
56 or less on the motor FIM at admission, no additional training 
group, training by ward staff and dual training group, self-initiated 
training group were divided. Meanwhile better cognitive FIM at 
admission (>28) emerged as a variable to determine improved 
motor FIM at discharge in those who scored 57 or more on the 
motor FIM at admission. 

Discussion 

The main purpose of the present study was to clarify the effect 
of additional training other than formal therapy by qualified 
therapists (PT, OT, ST) on motor FIM at discharge in post-stroke 
patients. The study utihzed multi-center DB of stroke patients and 
the samples were randomly assigned to either study or vahdation 
group. Decision tree analyses were carried out and risk estimates 
for both groups were compared with an aim to examine whether 
the model obtained in the study group can be extrapolated in the 
validation group as well. To date most of studies using decision 
tree analysis adopt cross \'alidation, which uses random sample out 
of all subjects for examining validity of the analysis implemented 
[13,14]. The limitation about this method is that sampled subjects 
for validation are included in actual analysis for creating decision 
tree, and therefore not quite independent. The present analysis 
was a result from over 1000 cases and was validated by equal 



number of subjects. Therefore the decision tree created can be 
considered to exceed in external validity compared with results 
obtained from conventional methods. The results indicated that in 
both groups whose motor FIM at admission were either less than 
28 or between 29 and 56, those who received both self-initiated 
training and training by ward staff showed better cognitive and 
motor FIM at discharge. Furthermore, the decision tree analysis, 
after adjusting for other possible factors that might affect motor 
FIM at discharge, also confirmed that implementations of 
additional training were beneficial in terms of improved outcomes 
at discharge for those whose motor FIM at admission were below 
56. In principle, a factor that appears in the first node has the 
strongest explanatory power in the decision tree analysis. Thus it 
was the motor FIM at admission that was most strongly related to 
the motor FIM at discharge, followed by the implementation of 
additional training for those in the lower and mid tertile groups of 
baseline motor FIM. Meanwhile in the upper tertile group, 
cognitive profiles at admission were more strongly related to the 
outcomes at discharge than the implementation of additional 
training. In the upper tertile group, whose overall functional 
impairment was relatively mild compared with other groups, 
cognitive capacity affecting attention or concentration to the 
training assigned may have stronger impact on the efficacy of 
training than the volume of training. Overall the results suggest 
that implementation of self-initiated training together with training 
by ward staff or at least self-initiated training alone might 
contribute to improved outcomes assessed by motor FIM at 
discharge, albeit actual contents of off-hours rehabilitation were 



Motor FIM at discharge 



NodeO 



<=57 34.7% 



58-79 35.9% 



80^ 



29.4% 



1 

Motor FIM at admission 



^28 



Nodel 



S57 70.7% 



58-79 19.8% 



80^ 1.4% 



Additional training 

L 



No additional training 
& Training by ward staffs 
I 



Node4 



S57 89.3% 



58-79 10.7% 



80^ 0.0% 



1 

Dual training 
& Self-initiated 
1 



Nodes 



S57 64.0% 



58-79 32.6% 



80S 3.5% 



29-56 

_J 



Node2 



S57 10.0% 



58-79 58.4% 



80^ 22.8% 



Additional training 
i 



No additional training 
& Training by ward staffs 
I 



57^ 



Node3 



^57 0.6% 



58-79 28.9% 



80^ 70.5% 



Cognitive FIM at admission 
\ 



Nodes 



S57 38.5% 



58-79 52.3% 



80S 9.2% 



Dual training 
& Self-initiated 
I 



Node7 



S57 9.5% 



58-79 61.3% 



80+ S 29.2% 



^28 

_L_ 



Nodes 



S57 1.4% 



58-79 31.9% 



66.7% 



29^ 

_L_ 



Node9 



S57 0.0% 



58-79 26.9% 



80S 73.1% 



Figure 2. Decision tree for Functional Independence Measure among 1233 stroite patients (Validation Group). 
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not available to obtain from the DB. However, given small sample 
size of patients who implemented self-initiated training, the present 
results must be interpreted with caution. A previous study by 
Galvin et al [15] .employing a randomized controlled trial (RCT) 
on the effect of s(;lf-initiated training confirmed the improvement 
of ADLs or easing stress cxpcricnc (xl by family. Another report 
also stressed the efficacy of self-initiated training assisted by 
patients' family for improved physical functions of lower extrem- 
ities and ADLs [7] . A systematic review by Meheroz et al [6] . have 
demonstrated that off hours repeated use of upper extremities may 
contribute to improved functions. Previous studies including RCT 
[15-17] that investigated the effect of self- initiated training 
targeted particular conditions such as first onset, no episode of 
dementia or restricted severity of hemiparesis, therefore the 
findings can be applied to conditions meeting inclusion criterion. 
Meanwhile the results obtained in the present study can be applied 
to patients with broad conditions of stroke. Regarding the effert of 
training by ward staff, Indredavik et al [18] stated that one of the 
advantages of stroke unit compared with general ward is the 
preventive approaches of secondary complications or disuse 
syndromes by staff nurses. Studies of stroke unit have shown that 
multidisciplrnary interventions might lead to beneficial outcomes. 
Likewise, the present study suggested the importance of close 
collaborations of multidisciplinary staffs by having demonstrated 
that the implementation of either both self-initiated training and 
additional training by ward stafi'or self-initiated training alone was 
found to be beneficial for improving motor outcomes in post stroke 
patients admitted to recovery phase rehabilitation ward although 
the findings cannot direcdy be applied to any ward accommodat- 
ing post stroke patients. Possibly due to insufficient availabilit)' of 
physiotherapist, average total time of regular rehabilitation per 
day in the present study was approximately 70 minutes, which 
figures fall far short of upper limit of 90 minutes. Additional 
training can compensate for the shortage, which therefore must 
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